We investigated the characteristics of transparent indium tin oxide ͑ITO͒/Ag/ITO ͑IAI͒ and ITO/Cu/ITO ͑ICI͒ multilayer electrodes grown by continuous dual-target dc sputtering for bulk heterojunction organic solar cells ͑OSCs͒. The IAI and ICI multilayer electrodes show a significant reduction in their sheet resistance and resistivity with increasing thickness of the Ag and Cu layers, respectively, despite the very small thickness of ITO ͑80 nm͒. However, the IAI electrode exhibits a much higher optical transmittance in the visible wavelength region under optimized conditions due to the more effective surface plasmon resonance of the Ag layer than that of the Cu layer. The Auger electron spectroscopy depth profile results for the IAI and ICI electrodes show that there is no severe interfacial reaction between the metal ͑Ag or Cu͒ layers and the ITO layers due to the high formation enthalpy of the Ag-O and Cu-O phases at room temperature. Moreover, the OSC fabricated on the IAI electrode shows a higher power conversion efficiency ͑3.26%͒ than the OSC prepared on the ICI electrode ͑2.78%͒ due to its high optical transmittance in the region of 400-600 nm corresponding to the absorption wavelength range of the organic active layer. This indicates that the IAI multilayer electrode is a promising transparent conducting electrode for OSCs or flexible OSCs due to its very low resistivity and high optical transmittance in the 400-600 nm range. Bulk heterojunction organic solar cells ͑OSCs͒ are of considerable interest as a type of renewable energy source due to their simple fabrication process, simple device structure, light weight, low cost, and ability to be flexed, rolled, and folded for the sake of portability.
Bulk heterojunction organic solar cells ͑OSCs͒ are of considerable interest as a type of renewable energy source due to their simple fabrication process, simple device structure, light weight, low cost, and ability to be flexed, rolled, and folded for the sake of portability. [1] [2] [3] [4] [5] To fabricate high efficiency OSCs or flexible OSCs, producing high quality transparent conducting oxide electrodes with a low sheet resistance, high optical transmittance, stability in acid solution, smooth surface, and low preparation temperature is necessary because the power conversion efficiency ͑PCE͒ of OSCs is critically influenced by the characteristics of the transparent oxide electrode. 5, 6 Although dc sputtering or ion plating grown indium tin oxide ͑ITO͒ electrode has been widely employed in organic photovoltaics ͑OPVs͒ as an anode electrode, the conventional ITO electrode has certain drawbacks, such as the high process temperature of more than 300°C required to obtain a crystalline ITO phase, which has a lower resistivity and high transmittance than an amorphous ITO phase. 7, 8 However, the high process temperature used for the deposition of the ITO electrode cannot be employed for flexible OSCs fabricated on a flexible polyethylene terephthalate substrate or using the low cost OPV process. Therefore, it is very important to develop low temperature grown ITO electrode with a very low resistivity and high transmittance for high performance and low cost OSCs and flexible OSCs. For those reasons, the ITO-metal-ITO multilayer structure has been the focus of research to obtain ITO electrodes with a low resistivity and high transmittance at a low process temperature. [9] [10] [11] [12] Fan et al. reported that the dielectric-metaldielectric multilayer system can suppress the reflection from the metal layer in the visible region and provide a selective transparent effect. 13 Bender et al. and Fahland et al. also reported that the ITO/ Ag/ITO ͑IAI͒ multilayer provides a higher conductivity and transmittance than the ITO electrode. 14, 15 Furthermore, Lewis et al. suggested that the electrical and mechanical properties of an IAI anode could be remarkably improved by incorporating a continuous Ag layer between the ITO layers. 16 Although the electrical and optical characteristics of IAI multilayer electrodes have been reported by several groups, the use of IAI and ITO/Cu/ITO ͑ICI͒ multilayer electrode in a bulk heterojunction OSC has not yet, to our knowledge, been reported in detail.
In this work, we compared the electrical, optical, structural, interfacial, and surface properties of continuously grown ITO͑40 nm͒ Ag͑6-16 nm͒ ITO and ITO Cu͑6-16 nm͒ ITO multilayer electrodes prepared by dual-target dc sputtering at room temperature for OSCs and flexible OSCs. By inserting very thin Ag and Cu layers, we can obtain high quality transparent electrodes with a very low sheet resistance and high transmittance comparable to those of a crystalline ITO electrode. Due to the more effective surface plasmon resonance ͑SPR͒ of the Ag layer than that of the Cu layer, the bulk heterojunction OSC fabricated on the IAI electrode shows a higher PCE than an identical OSC fabricated on an ICI electrode.
Experimental
Both the IAI and ICI multilayer electrodes were prepared by means of a tilted dual-target dc magnetron sputtering system at room temperature.
17 Figure 1 shows a schematic diagram of the dualtarget dc magnetron sputtering system used for preparing the IAI and ICI electrodes with the inset showing the plasma picture. Both the top and bottom ITO films with a thickness of 40 nm were deposited by using a ceramic ITO target ͑10 wt % SnO 2 -doped In 2 O 3 : Samsung Corning precision glass͒. At a constant dc power of 100 W, Ar flow ratio of 15 sccm, and working pressure of 3 mTorr, a 40 nm thick ITO film was grown on a glass substrate with a dimension of 15 ϫ 15 mm at room temperature. After the sputtering of the bottom ITO layer, a Ag or Cu film was sputtered on the bottom ITO film as a function of the Ag or Cu thickness at a constant dc power of 20 W, Ar flow ratio of 15 sccm, and working pressure of 3 mTorr using metallic Ag or Cu ͑99.999% purity͒. Subsequently, a 40 nm thick top ITO film was deposited on the Ag or Cu film by dc sputtering under identical deposition conditions to those used for the bottom ITO film. The sheet resistance and resistivity of the IAI and ICI multilayer electrodes were measured at room temperature by means of four-point probe and Hall measurements as a function of the Ag and Cu thicknesses. The optical transmittance of the IAI and ICI electrodes was measured in the wavelength range of 220-800from the sheet resistance ͑R sh ͒ and transmittance at a wavelength of 550 nm, the optimized thicknesses of the Ag and Cu layers in the IAI and ICI electrodes were determined, respectively. The surface morphology of the Ag and Cu layers on the bottom ITO film was analyzed by field-effect scanning electron microscope ͑FESEM, S-4300͒ at an operating voltage of 15 kV as a function of the Ag and Cu thicknesses. The structural properties of the IAI and ICI electrodes were examined by X-ray diffraction ͑XRD, Rigaku͒. The interfacial reaction between the metal ͑Ag, Cu͒ and ITO film in the IAI and ICI electrodes was examined by Auger electron spectroscopy ͑AES, PHI-670͒ depth profiling with an energy of 10 keV and an electron beam current of 0.0236 A.
To compare the electrical and optical properties of the OSCs fabricated on the optimized IAI and ICI electrodes, we prepared standard OSCs on the IAI and ICI electrodes, respectively. The size of the coated transparent conducting oxide layer ͑IAI, ICI, and ITO single layers͒ on the glass substrate was typically 15 ϫ 10 mm. To remove the contaminants on the IAI and ICI electrodes, the triple layered IAI and ICI electrodes were mechanically cleaned with specially prepared detergent, and then ultrasonically cleaned with an organic solvent, e.g., acetone, methanol, and isopropyl alcohol for 5 min at room temperature. After the cleaning process, poly͑3,4-ethylenedioxythiophene͒:poly͑styrenesulfonate͒ ͑PEDOT:PSS, Baytron P VPAI 4083͒ was spin coated on the IAI and ICI electrodes with a thickness of ϳ20 nm, followed by drying at 100°C for 10 min in air using a hot plate. A photoactive layer composed of interconnected networks of an electron donor and acceptor, a blend of poly͑3-hexylthiophere͒ ͑P3HT, Rieke Metals͒ and 1-͑3-methoxycarbonyl͒-propyl-1-phenyl-͑6,6͒ C61 ͑PCBM, Nano-C͒ in dichlorobenzene at a weight ratio of 1:1, was spin coated on top of the PEDOT:PSS layer in a N 2 atmosphere, then annealed at room temperature for 2 h to enhance the degree of P3HT ordering. Finally, Ca͑20 nm͒/Al͑100 nm͒ layers were deposited on the P3HT:PCBM active layer as a cathode using a thermal evaporator system with a metal shadow mask. The active area of all OSCs was 4.66 mm 2 . The photocurrent density-voltage ͑J-V͒ curves were measured using a Keithley 4200 source measurement unit in a N 2 -filled glove box. The cell performance was measured under 100 mA/cm 2 and illumination intensity from a 1 kW Oriel solar simulator with an AM 1.5 G filter. To rectify the measurement divergence, the light intensity was calibrated using a reference silicon solar cell certificated by the National Renewable Energy Laboratory. Figure 2 shows the sheet resistances and resistivities of the IAI and ICI electrodes grown on the glass substrate as a function of the average Ag and Cu thicknesses, respectively, at a constant thickness of the bottom and top ITO films of 40 nm. Before preparing the IAI and ICI electrodes, we measured the sheet resistance and resistivity of a single ITO layer grown under optimized sputtering conditions. The 80 nm thick ITO single layer showed a fairly high sheet resistance of 76.9 ⍀/ᮀ and a resistivity of 1.262 ϫ 10 −3 ⍀ cm due to its very small thickness and low substrate temperature. However, the insertion of transparent Ag and Cu layers between the ITO layers resulted in a significant reduction in the sheet resistance and resistivity of the IAI and ICI electrodes, respectively. Above a thickness of 8 nm, both the sheet resistance and resistivity of the IAI and ICI electrodes were similar to those of the conventional crystalline ITO electrode. For the IAI electrode with the 16 nm thick Ag layer, a sheet resistance of 3.365 ⍀/ᮀ was obtained, which was much lower than the previously reported value for an IAI multilayer. For the IAI multilayer electrode, the sheet resistance and resistivity of the ICI electrode decreased remarkably with increasing Cu thickness. At a Cu layer thickness of 16 nm, the ICI electrode shows the lowest sheet resistance of 5.457 ⍀/ᮀ. However, the sheet resistance and resistivity of the IAI electrode were lower than those of the ICI electrode at the same metal thickness. This lower sheet resistance of the IAI multilayer was attributed to the lower resistivity of the bulk Ag ͑1.587 ϫ 10 −6 ⍀ cm at 293 K͒ than the Cu ͑1.678 ϫ 10 −6 ⍀ cm at 293 K͒. 19 From the equation given below, we can calculate the resistivities of the Ag and Cu layers inserted into the IAI and ICI electrodes, respectively. Assuming that the total resistance ͑R T ͒ of the IAI multilayer results from the resistances of the single bottom ITO ͑R ITO,bottom ͒, Ag ͑R Ag ͒, and top ITO ͑R ITO,top ͒ layers coupled in parallel, as shown in the inset of Fig. 3 , it is possible to calculate the resistivity ͑ Ag or Cu ͒ of the Ag or Cu layer 14, 20 
Results and Discussion
Because both the bottom and top ITO layers were prepared under identical conditions, the resistances of the top and bottom ITO electrodes should be equal ͑R ITO = R ITO,bottom = R ITO,top ͒. The ITO resistivity ͑ ITO ͒ can be approximated to the resistivity of an ITO single layer with the same thickness. Therefore, if the resistivity ͑ ITO ϳ 1.262 ϫ 10 −3 ⍀ cm͒ and thickness ͑d ITO ϳ 40 nm͒ of the ITO layer and thickness ͑d Ag ͒ of the Ag layer are known, we can simply calculate the resistivity of the Ag layer from the following equation Figure 3 shows the resistivities of Ag and Cu layers inserted into the IAI and ICI electrodes as a function of their thickness, respectively. For the resistivity of the IAI and ICI electrodes, the resistivity of the Ag and Cu layers decreased with an increase in thickness. The resistivity of the Ag and Cu layers with a thickness of 6-8 nm is fairly high because these layers existed in the form of distinct islands, which are not interconnected. However, increasing the thickness of the Ag and Cu layers above 10 nm leads to a decrease in their resistivity. At a thickness of 16 nm, the Ag and Cu layers show resistivities of 5.49 ϫ 10 −6 and 9.01 ϫ 10 −6 ⍀ cm, respectively. Although the resistivity of bulk Ag ͑1.587 ϫ 10 −6 ⍀ cm at 293 K͒ is similar to that of bulk Cu ͑1.678 ϫ 10 −6 ⍀ cm at 293 K͒, the resistivity of the Cu layer inserted into the ICI multilayer electrode is higher than that of the thin Ag layer in the IAI electrode. 19 Figure 4a and b shows the optical transmittance spectra of IAI and ICI multilayer electrodes with increasing Ag and Cu thicknesses, respectively. The transmittances of the IAI and ICI multilayer electrodes are also dependent on the thicknesses of the Ag and Cu layers, as shown in Fig. 4a and b, respectively. The 80 nm thick single ITO layer grown on the glass substrate under optimized conditions shows an optical transmittance of 78.19% at a wavelength of 550 nm. For the IAI multilayer electrode in Fig. 4a , increasing the Ag thickness above 8 nm resulted in a remarkable increase in its optical transmittance. At a Ag thickness of 6 nm, a fairly low transmittance of 75.87% was observed at a wavelength of 550 nm due to the absorption of the aggregated Ag islands. However, increasing Ag thickness leads to the improvement of the transmittance because the continuous Ag layer has low absorption. At a Ag thickness of 10 nm, the highest transmittance of 87.4% at a wavelength of 550 nm was observed. However, further increasing the Ag thickness above 14 nm resulted in a decrease in the transmittance even though this electrode had the lowest sheet resistance. For the ICI multilayer electrode, increasing the Cu thickness leads to a monotonic decrease in the optical transmittance at a wavelength of 550 nm and average optical transmittance in the visible region. For the 16 nm thick Cu layer, the ICI multilayer electrode shows the lowest transmittance of 63.04% at a wavelength of 550 nm. Mitsuchio et al., who investigated metal-deposited SPR optical fiber sen- sors with Au, Ag, Cu, and Al layers, reported that Ag could produce a more effective SPR than a Cu layer due to the larger ratio of the dielectric constant ͓ r / i = 38.0͔ in the Ag layer, where r and i are the real and imaginary parts, respectively, as compared to that for the Cu layer ͓ r / i = 20.4͔. 21 Therefore, the higher optical transmittance of the IAI electrode in the 400-600 nm wavelength range than that of the ICI electrode was attributed to the more effective SPR of the Ag layer than that of the Cu layer. [22] [23] [24] To evaluate and compare the quality of the different IAI and ICI electrodes, the figure of merit ͑ TC ͒ was calculated from the sheet resistance and transmittance at a wavelength of 550 nm. The TC was defined by Haacke as
where T is the transmittance and R sh is the sheet resistance of the multilayer electrode. Figure 5 shows the optical transmittance at a wavelength of 550 nm and calculated figure of merits as a function of the Ag and Cu thicknesses in the IAI and ICI electrodes. It was shown that the TC value of the IAI multilayer increases with increasing Ag thickness. The maximum TC value ͑47.78 −3 ⍀ −1 ͒ of the IAI multilayer was obtained at a Ag thickness of 14 nm ͑T: 0.84 and R sh : 4.08 ⍀/ᮀ͒. Further increasing the Ag thickness, however, led to a decrease in the TC value due to the increased absorption by the Ag metal layer. For the ICI electrode, the TC value also increases with increasing Cu thickness, even though the optical transmittance decreases. The highest TC value was achieved by using a Ag film thickness of around 14 nm or Cu film thickness of around 14 nm. Guillen and Herrero also reported that the TC value of Ag-based multilayer electrodes is higher than that of Cu-based multilayer electrodes due to the high absorption of the Cu layer. 12 To investigate the transition of the Ag and Cu layers from aggregated islands to a continuous film, FESEM analysis was employed. Figure 6 shows the surface FESEM image of the sputtered Ag film on the bottom ITO layer as a function of the Ag thickness. It is clearly shown that the morphology of the Ag film changed with increasing Ag thickness. At a Ag thickness of 6 nm in Fig. 6a , disconnected Ag islands appeared. These disconnected Ag islands on the bottom ITO films might increase the sheet resistance and light absorption. For the 8 nm thick Ag film in Fig. 6b , it was observed that the connection of the Ag islands started. For the 10 nm Ag film in Fig. 6c , a continuous Ag film was formed on the bottom ITO film. Finally, the Ag film with a thickness of 12 nm completely covers the bottom ITO film, as shown in Fig. 6d . The decrease in the transmittance of the IAI multilayer with a Ag thickness of 12 nm, as shown in Fig. 4 , was attributed to the completely covered Ag film on the bottom ITO layer. The scanning electron microscopy surface analysis results mean that the Ag thickness of 10 nm is the transition range between the aggregated Ag film ͑Fig. 6a and b͒ and continuous Ag film ͑Fig. 6d͒. Figure 7 also shows the surface FESEM images of the sputtered Cu film on the bottom ITO layer as a function of the Cu thickness. However, it is difficult to distinguish the 
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Journal of The Electrochemical Society, 156 ͑7͒ H588-H594 ͑2009͒ H591 morphology of the Cu layer grown on the bottom ITO electrode due to the very small size of the Cu particles and flattened shape. The 6-12 nm thick Cu films showed similar surface FESEM images with very small Cu particles. XRD analysis was employed to investigate the structure of the Ag and Cu layers with increasing thickness grown on the bottom ITO film. Figure 8a shows the XRD plots obtained from the IAI electrode as a function of Ag thickness. The XRD plot of the single ITO film exhibits three broad peaks at ϳ26.5, 30.5, and 35.4°cor-responding to the glass substrate and amorphous ITO phase with the ͑222͒-and ͑400͒-oriented microcrystalline ITO phases. Despite the low substrate temperature during the ITO sputtering process, the single ITO electrode exhibits an amorphous matrix with microcrystallines due to the low amorphous/crystalline transition temperature ͑T/T m Ͻ 0.19-150°C͒ of ITO films. 17, 26 The IAI electrode with 6 and 8 nm thick Ag layers also shows two broad peaks similar to those of the single ITO electrode, indicating that the 6 and 8 nm thick Ag layers have an amorphous structure. However, the IAI electrode with the 10 nm thick Ag layer starts to show a crystalline Ag͑111͒ peak at 38.2°. The intensity of the Ag͑111͒ peak increased with increasing thickness of the Ag layer inserted into the IAI electrode. For the ICI electrode, all of the XRD plots of the ICI electrodes with 6, 8, 10, and 12 nm thick Cu layers exhibit only a broad glass substrate peak and amorphous ITO peak with ͑222͒-and ͑400͒-oriented microcrystallines regardless of the Cu thickness, as shown in Fig. 8b . However, the ICI sample with 14 and 16 nm thick Cu layers exhibited a broad Cu͑111͒ peak at 43.4°as well as peaks corresponding to the amorphous ITO phase with ͑222͒-and ͑400͒-oriented microcrystallines. The different dependency on the metal thickness in the IAI and ICI electrodes is related to the grain size of the metal layer, as shown in Fig. 6 and 7 . It was clearly shown that the morphology of the Ag layer changed with increasing Ag thickness. The grain size of the Ag layer deposited on the bottom ITO electrode is fairly large due to the agglomeration of Ag atoms at room temperature. However, the surface images of the Cu layer inserted into the ICI electrode show that it exhibits a very fine grain size and flattened shape, regardless of Cu thickness. 27 Due to the very fine grain size and flattened shape of the Cu layer, the crystalline Cu peak is not shown even in the ICI electrode with the 12 nm thick Cu layer.
The AES depth profile results obtained from the optimized IAI ͑10 nm Ag͒ and ICI ͑14 nm Cu͒ electrodes on the glass substrate are shown in Fig. 9 . Although the figure of merit of the IAI electrode with the 14 nm thick Ag layer is higher than that of the IAI electrode with the 10 nm thick Ag layer, we decided that the optimized Ag thickness in the IAI electrode was 10 nm because the PCE of the OSC is mainly affected by the optical transmittance of the electrode. For the IAI electrode in Fig. 9a , it was shown that the individual layers of ITO, Ag, and ITO are well defined. The constant atomic concentration of O, In, and Sn atoms in the IAI electrode shows that both the bottom and top ITO layers were uniformly deposited on the glass substrate or Ag layer. The symmetrical features of the bottom and top ITO films show the existence of identical ITO layers with the same composition and thickness. Moreover, there is no evidence for the existence of an interfacial layer between the Ag and ITO layers. The ICI electrode also shows a similar depth profile result to that of the IAI electrode in Fig. 9b . At the center of the ICI electrode, a well-defined Cu layer existed without any interfacial reactions with the ITO layer. The low carbon concentration through both 
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Journal of The Electrochemical Society, 156 ͑7͒ H588-H594 ͑2009͒ H592 the IAI and ICI electrodes indicates that the continuous dual-target sputtering process is effective in fabricating ITO-metal-ITO multilayer electrodes without any contaminations or interfacial oxide layers. Figure 10 shows the AES signal in the interface region between ITO and metal ͑Ag, Cu͒ as a function of sputtering time. For the Ag MNN ͑351 eV͒ and O KLL ͑512.1 eV͒ peaks obtained from the interface between the Ag and ITO layers in Fig. 10a and b indicated by an arrow, there is no peak shift with increasing sputtering time, indicating that there is no interfacial reaction between the Ag and ITO layers, which would be expected from the AES depth profile result in Fig. 9a . The Cu MNN and O KLL peaks in Fig. 10c and d also showed constant peak position at 919.2 and 512.1 eV, respectively, with increasing sputtering time in the interface region between the Cu and ITO layers. This constant peak position means that no oxidation of the Cu layer by the outdiffusion of oxygen from the ITO layer occurs. The dissociation of the ITO layer in the interface region is difficult due to the higher enthalpy of formation for In 2 O 3 ͑Ϫ923.8 kJ/mol͒ and SnO 2 ͑Ϫ577.6 kJ/mol͒ compared to those of Ag 2 O ͑Ϫ31.1 kJ/mol͒ and CuO ͑Ϫ157.3 kJ/mol͒. 19 Considering the oxide formation enthalpy, the formation of interfacial oxide such as Ag-O and Cu-O phases in the interface region caused by oxygen outdiffusion from the top and bottom ITO layers is difficult as confirmed by the AES depth profile and AES spectra results. Therefore, the fairly high transmittances of IAI and ICI electrodes were also attributed to the stable interface between the metal and ITO layer.
To compare the performance of the OSCs fabricated on the IAI, ICI, and 80 nm thick ITO electrodes, we prepared conventional bulk heterojunction OSCs. As shown in the cross-sectional structure of the OSC in Fig. 11a , all of the organic layers were deposited on the optimized IAI ͑6.7 ⍀/ᮀ, 87.4%͒, ICI ͑6.19 ⍀/sq, 68.9%͒, and 80 nm thick ITO ͑76.9 ⍀/ᮀ, 78.19%͒ electrodes simultaneously under the same preparation conditions. Figure 11b shows the current density-voltage ͑J-V͒ curves of the OSCs fabricated on the IAI, ICI, and 80 nm thick ITO electrodes grown under optimized conditions. Figure 11 . ͑Color online͒ ͑a͒ Cross-sectional structure of heterojunction OSCs fabricated on IAI and ICI electrodes. ͑b͒ Current density-voltage characteristics ͑air mass 1.5 G condition with incident light power intensity of 100 mW cm −2 ͒ of bulk heterojunction OSC fabricated on the IAI, ICI, and 80 nm thick ITO electrodes grown under optimized conditions. AM1.5 = 3.26%. However, the heterojunction organic solar cells ͑HOSCs͒ fabricated on the ICI electrode exhibits a V OC = 0.56, J SC = 7.11 mA cm −2 , FF = 70.01%, and calculated PCE of AM1.5 = 2.78%. Due to the low sheet resistances of the IAI and ICI electrodes and their identical device structure, both OSCs showed similar FF and V OC values. For OSC fabricated on the 80 nm thick ITO electrode, it however shows a fairly low PCE of AM1.5 = 1.72% and FF of 46% due to high sheet resistance and low optical transmittance. In general, the FF values of solar cells are critically affected by the sheet resistance and shunt resistance due to the resistance of the cell materials to current flow and leakage of current thought the cell, respectively. Because we fabricated the OSCs on the IAI and ICI electrodes with similar sheet resistances and the same device structure, the PCE of the OSC is not affected by the sheet resistance of the electrode. Therefore, the higher PCE of the OSC fabricated on the IAI electrode was attributed to its higher optical transmittance in the wavelength region of 400-600 nm, which is the absorption wavelength of the P3HT:PSS active layer. 28, 29 To achieve an OSC with a high PCE, the identical optical transmittance of the anode layer with the absorption region of active organic material is very important. The lower PCE of the OSC fabricated on the ICI electrode was related to the low optical transmittance of 63.4% at a wavelength range of 400-600 nm due to the optical scattering of the inserted Cu layer, as shown in Fig. 4b . Therefore, the higher PCE of the OSC fabricated on the IAI electrode can be explained by the combined effect of the higher transmittance caused by effective SPR in the Ag layer and very low sheet resistance resulting from the conductive Ag metal layer.
Conclusion
This study compared the characteristics of IAI and ICI electrodes grown by continuous dual-target dc sputtering and demonstrated the applicability of an IAI multilayer electrode as an anode for high performance HOSCs. Although they were prepared at room temperature, it was possible to obtain IAI and ICI electrodes with a low sheet resistance and high transmittance by controlling the thicknesses of the Ag and Cu layers, respectively. However, the IAI electrode exhibits higher optical transmittance at visible wavelengths under optimized conditions due to the more effective SPR of the Ag layer than that of the Cu layer. Moreover, the HOSC fabricated on the IAI electrode shows a higher PCE ͑3.26%͒ than the HOSC prepared on the ICI electrode ͑2.78%͒ due to its high optical transmittance in the wavelength range of 400-600 nm, which is the absorption wavelength of the P3HT:PSS active layer. This indicates that the IAI multilayer electrode prepared by continuous dual-target dc sputtering process is a promising transparent conducting electrode for high performance HOSCs or flexible HOSCs due to its very low resistivity, low temperature process, and high optical transmittance in the range of 400-600 nm, the range in which light is mainly absorbed by the organic active layer in the HOSCs. 
